This study was designed to explore the relationship between miR-1275 and SER-PINE1 and its effects on glioma cell proliferation, migration, invasion and apoptosis.
the patients remains 11-15 months. 4 Consequently, it is imperative to further explore the pathogenesis of glioma and discern potential biomarkers.
MicroRNAs (miRNAs) are small non-coding RNA molecules with a length of about 16-24 nucleotides. 5 It is generally considered that miRNAs exert their activities at the post-transcriptional level. They can bind to 3′ untranslated regions (3′UTR) of the mRNAs transcribed from their target genes, and therefore led to mRNA degradation or repression of protein translation. 6 The dysregulation of miRNAs has been confirmed to be strongly related with tumorigenesis, and miRNAs work as tumour promoters or suppressors due to regulation of different target genes. 7 Glioma is no exception. Increasing evidences suggest that various miRNAs are aberrantly expressed in glioma. 8 To further study the effects of differential expressed miRNAs in glioma, we performed bioinformatic analysis and put our eyesight on an aberrantly low-expressed miRNA miR-1275. MiR-1275 has been reported to influence multiple diseases, such as inhibiting adipogenesis in obese, 9 repressing tumour growth of hepatocellular carcinoma 10 as well as influencing oligodendroglial differentiation of glioma stem-like cells. 11 Herein, we explored the specific mechanism of miR-1275 on targeting its target genes in glioma, which had not been studied before.
P53 signalling pathway reported as the "guardian of the genome"
functions at the centre of a complex molecular network to mediate tumour suppression. It is essential for p53-mediated cell signal transduction pathway to regulate the normal life activities of cells. 12 Numerous studies have shown that p53 signalling pathway is closely linked to tumorigenesis. P53 has been known to mutate in more than 50% of human cancers, 13 including glioma. A previous study found that p53 signalling pathway was found to be dysregulated in 85.3% of glioma patients according to the TCGA (The Cancer Genome Atlas) data. 14 Herein, we analysed signalling pathways closely related to glioma using Gene Set Enrichment Analysis (GSEA) to confirm the aberrant condition of p53 pathway. Moreover, based on Kyoto Encyclopedia of Genes and Genomes (KEGG) dataset, we found that a member of p53 signalling pathway, SERPINE1, was predicted to have the targeting relationship with miR-1275, reminding that miR-1275 might exert its function through p53-related genes.
SERPINE1, also called plasminogen activator inhibitor type 1 (PAI-1), works as the inhibitor of tissue plasminogen activator (tPA)
as well as urokinase (uPA), and hence is a fibrinolysis inhibitor. Many previous studies have detected its aberrant expression in cancers.
For instance, SERPINE1 was found to be high-expressed in colorectal cancer and related to tumour invasiveness and aggressiveness. 15 Overexpression of SERPINE1 has also been found in many other cancers including melanoma, 16 oesophageal cancer 17 and bladder cancer. 18 It can be seen as a poor prognosis biomarker. Parallelly, bioinformatic analysis on glioma conducted by us also found that SERPINE1 was high-expressed and related with patients' prognosis.
Thus, our study was performed to investigate the effects of miR-1275 on repressing p53-related gene SERPINE1 and therefore influencing the biological functions of glioma cells, including proliferation, apoptosis, migration and invasion. Our discovery might contribute to perceiving the in-depth molecular mechanism of glioma tumorigenesis. Normal University and all patients and their family members had signed the informed consents. Tissue specimens were taken immediately after the material and stored at −80°C.
| MATERIALS AND METHODS

| Clinical samples
| Bioinformatic analysis
Clinical information about glioma (5 normal brain tissues and 5 primary glioma tissues) was obtained from TCGA database (The Cancer Genome Atlas, https://cancergenome.nih.gov). Differentially expressed miRNAs and mRNAs were filtered using Bioconductor R version 3.4.1
(https://www.r-project.org/) and "Limma" program package. The screening thresholds were | log 2 (fold change) | >2 and adjusted P value <.05. Based on the analysis results of differentially expressed mRNAs, the signalling pathways closely related to gliomas were analysed by GSEA (http://software.broadinstitute.org/gsea/msigdb/index.jsp) for subsequent studies.
| Cell culture and transfection
Human normal glial cell line HEB, human glioma cell line U251, H4
and TJ905 were purchased from BeNa Culture Collection (Beijing, China). All the cells were cultured in Dulbecco's Modified Eagle Medium (DMEM; Gibco, Grand Island, NY, USA) containing 10% foetal bovine serum (FBS; Gibco) and preserved at 37°C with 5% CO 2 .
MiR-1275 mimics, control mimics and pcDNA3.1-SERPNE1 plasmids were obtained from GenePharma (Shanghai, China). Above compounds were transfected into U251 cells using Lipofectamine 3000 reagent (Invitrogen, Carlsbad, CA, USA) respectively on the grounds of the manufacturer's protocol, and cells were collected for following experiments 48 hours after transfection.
| qRT-PCR
The total RNA was extracted with Trizol reagent (Invitrogen 
| Wound healing assay
Cells were sowed in 6-well plates and cultured until they grew to a density of about 80%, then a wound was generated by manually scraping the cell monolayer with a 10 μL sterile pipette tip. Cells were washed by PBS and then cultured with fresh serum-free medium at 37°C, 5% CO 2 . Cell migration was observed at 2 preselected time points (0 and 48 hours). Images of the scratches were filmed under the optical microscope. 
| Transwell invasion assay
| Statistical analysis
Graphpad Prism version 6.0 (GraphPad Software, La Jolla, CA, USA) was used to analyse the experimental data and the results were presented in form of mean ± standard deviation (SD). Comparison between the 2 sets of data was performed using Student's t test, and differences between the 3 or more groups of data were compared by one-way ANOVA. All experiments were carried repeatedly for 4 times. P < .05 signified a statistical significance.
| RESULTS
| Bioinformatic analysis
Based on the RNA expression profiles of glioma patients from TCGA, we screened out differentially expressed miRNAs and mRNAs in glioma. Top-30 differentially expressed miRNAs ( Figure 1A ) and mRNAs ( Figure 1B) were shown in the heat maps (differentially expressed miRNAs and mRNAs were also listed in Table 2 ). Among those differential expressed RNAs, we selected low-expressed miRNA miR-1275 and high-expressed mRNA SERPINE1, which have potential correlation ( Figure 1C) . Furthermore, GSEA analysis exhibited that p53 signalling pathway was down-regulated according to the gene expression profile of glioma ( Figure 1D ), and SERPINE1
was involved in it. Prognostic analysis also showed that the overall survival rate of patients with SERPINE1 high-expression was poorer ( Figure 1E ). Herein, we suggest that miR-1275 might affect glioma cell function through binding to SERPINE1 and therefore regulate p53 signalling pathway.
| MiR-1275 was low-expressed while SERPINE1 was high-expressed in glioma
The expression of miR-1275 in glioma tissue was obviously lower than that in adjacent tissues (P < .05, Figure 2A ) while SERPINE1
was significantly highly expressed (P < .05, Figure 2B ). Parallelly, the expression of miR-1275 in glioma cell lines U251 and TJ905 was significantly less than in normal neurogliocyte HEB, and U251 had the lowest miR-1275 expression (P < .01, Figure 2C ). U251 also showed the highest proliferation ability among 3 cell lines (P < .01, Figure 2D) . Therefore, U251 cell line was selected for subsequent experiments.
| SERPINE1 was the target gene of miR-1275
The binding sites between miR-1275 and SERPINE1 3′UTR were predicted by TargetScan ( Figure 3A ) and confirmed by dual-luciferase reporter gene assay. Luciferase activity did not remarkably change in SERPINE1 mut + miR-1275 mimics group while it significantly decreased in SERPINE1 wt + miR-1275 mimics group (P < .01, Figure 3B) . Furthermore, the expressions of both SERPINE1 mRNA (P < .01, Figure 3C ) and protein (P < .01, Figure 3D ) were downregulated after miR-1275 mimics transfection. All these results indicated that SERPINE1 was the target gene of miR-1275.
| MiR-1275 repressed proliferation, migration and invasion whereas promoted apoptosis of glioma cells
MiR-1275 mimics and control mimics (NC) were respectively transferred into U251 cells and detected by qRT-PCR. The result showed a remarkable increase in miR-1275 expression after transfection (P < .001, Figure 4A ). CCK-8 assay showed that miR-1275 mimics significantly reduced the proliferation ability of U251 cells (P < .01, Figure 4B ). Flow cytometry revealed that cell apoptosis rate was remarkably increased after miR-1275 mimics' transfection (P < .01, Figure 4C ). Migration and invasion of U251 cells with miR-1275 mimics transfected were decreased according to the results of wound healing assay (P < .01, Figure 4D ) as well as transwell migration assay (P < .01, Figure 4E ). As a consequence, miR-1275 could repress glioma cell proliferation, migration and invasion whereas promote cell apoptosis.
| MiR-1275 represses glioma cell proliferation, migration and invasion whereas promotes cell apoptosis through targeting SERPINE1
Western blot was used to detect SERPINE1 expression in U251 cells after transfection. The result showed that SER-PINE1 expression could be promoted by pcDNA3.1-SERPINE1
while repressed by miR-1275 mimics (P < .01, Figure 5A ). Cell function experiments were subsequently performed. Cell proliferation was promoted by SERPINE1 overexpression while suppressed by miR-1275 mimics (P < .01, Figure 5B ). SERPINE1
reduced cell apoptosis, while it was remarkably enhanced by miR-1275 mimics (P < .01, Figure 5C ). Parallelly, cell migration ( Figure 5D ) and invasion ( Figure 5E ) were facilitated by SER- GPR52  PNMA5  CARTPT  DRD5  CCBE1  TMEM132D  C1QL3  NWD2  MCHR2  DDN  GPR6  GRIN1  MC4R  KLK7  HIPK4  TRHDE  NEFM  RYR2  GSG1L2  SYT10  GJB6  WIF1   NPBWR1  SLC22A9  KCNG3  CNGB1  SLC22A8 
| MiR-1275 blocked p53 signalling pathway
Effect of miR-1275 and SERPINE1 on expression of p53 pathwayassociated proteins was detected by western blot. Since U251 was p53 mutant-type, we performed the experiment using both U251
( Figure 6A ) and a p53 wild-type expressing cell line H4 ( Figure 6B ).
Moreover, we used a p53 signalling pathway agonist RITA (NSC 652287, MedChemExpress, Monmouth Junction, NJ, USA), which was considered to have the ability of activating wild-type p53 to explore the effect of miR-1275/SERPINE1 on p53 signalling pathway.
The results showed that several p53 pathway-associated proteins p21, Bax and cleaved Caspase3 were lowly expressed in both p53
wild-type and mutant-type expressing cells (H4/U251). After RITA
(1 mmol/L) treatment, p21, Bax and cleaved Caspase3 were significantly up-regulated in H4 cells (P < .05) but there was no remarkable change in U251 cells. However, SERPINE1 overexpression or miR-1275 inhibitor significantly reduced the expressions of p21, Bax and cleaved Caspase3 in both H4 and U251 cells, while miR-1275 mimics had inverse effects (P < .05). These results suggested that miR-1275/SERPINE1 repressed p53 signalling pathway, and this effect might not be directly associated with the mutation status of TP53 gene.
| MiR-1275 suppressed glioma growth in vivo
Tumour xenograft model was built to test the effect of miR-1275
and SERPINE1 on tumour growth in vivo. Injection of agomir-1275
and lentiviral sh-SERPINE1 showed a parallel result that tumour volume and weight were significantly lower than the NC group (P < .01, Figure 7A -C). Tumour tissues were collected and immunohistochemistry was performed to detect tumour-related proteins.
Compared with the NC group, p53 and cleaved Caspase3 positive rate was higher, whereas MDM2 and ki67 positive rate was lower in agomir-1275 and sh-SERPINE1 groups ( Figure 7D ). Based on these results, we reach the conclusion that miR-1275 overexpression or SERPINE1 silencing would suppress glioma growth.
| DISCUSSION
In our study, it was revealed that lowly expressed miR-1275 in glioma could repress glioma cell proliferation, migration and invasion The results of dual-luciferase reporter gene assay showed that luciferase activity significantly decreased after co-transfection of miR-1275 mimics and SERPINE1 wt 3′UTR, while miR-1275 mimics + SERPINE1 mut 3′UTR had no changes. C, Expression of SERPINE1 in miR-1275 mimics group was significantly lower than the NC group. D, Western blot: SERPINE1 protein expression in miR-1275 mimics group was decreased. **P < .01, compared with the NC group WU ET AL. F I G U R E 4 MiR-1275 repressed proliferation, invasion and migration of glioma cells while induced its apoptosis. A, Relative expression of miR-1275 in miR-1275 mimics group was remarkably increased. B, Cell survival rate of miR-1275 mimics group was higher than that of the NC group. C, Cell apoptosis rate in miR-1275 mimics group was significantly higher than in the NC group. D, Closed wound area in miR-1275 mimics group was less than that in the NC group. E, Number of invasive cells in miR-1275 mimics group was significantly lower than that in the NC group. **P < .01, ***P < .001, compared with the NC group miR-1275 mimics Mix F I G U R E 5 MiR-1275 targeted SERPINE1 to suppress glioma cell proliferation, invasion and migration whereas enhance apoptosis. A, SERPINE1 mRNA expression was increased after pcDNA3.1-SERPINE1 transfection while decreased after miR-1275 mimics transfection. There was no significant difference between the expression of SERPINE1 mRNA in the NC group and miR-1275 mimics + pcDNA3.1-SERPINE1 group (Mix group). B, Cell proliferation of pcDNA3.1-SERPINE1 group was highest, then the NC group and miR-1275 mimics + pcDNA3.1-SERPINE1 group (Mix group) followed and it was lowest in miR-1275 mimics group. C, Cell apoptosis rate in pcDNA3.1-SERPINE1 group was lower than those in the NC group, while that in miR-1275 mimics group was significantly higher. Mix group showed tiny changes. D, Closed wound area in pcDNA3.1-SERPINE1 group was larger while miR-1275 mimics group was smaller than that in the NC group. Mix group showed tiny changes. E, Number of invasive cells in pcDNA3.1-SERPINE1 group was the highest while it was lowest in miR-1275 mimics group. There was no significant difference between Mix group and NC group. *P < .05, **P < .01, compared with the NC group whereas induce cell apoptosis through targeting SERPINE1, which was aberrantly overexpressed in glioma. Furthermore, we found that several key proteins related to p53 signalling pathway were activated by miR-1275 while repressed by SERPINE1, revealing that the effect of miR-1275/SERPINE1 might be based on regulating p53
signalling pathway. Glioma is the most common and invasive type of major brain tumour, with a high yearly mortality rate worldwide. 19, 20 It has now been clearly established that miRNAs have an important role to regulate the tumorigenesis and metastasis of glioma. 21, 22 MiR-1275 is an intergenic miRNA, which is encoded by chromosome 6 and associated with tumour progression. 23 In many researches, miR-1275 was found to inhibit tumour growth through attenuating relative gene expression.
For instance, up-regulation of miR-1275 regulated IGF2BPs to hinder tumour growth in hepatocellular carcinoma. 24 It was reported that miR-1275 exhibited its tumour suppressive role on nasopharyngeal carcinoma cells by down-regulating oncogenic HOXB5, whose expression was negatively related to miR-1275. 25 In our study, we found that miR-1275 was lowly expressed in glioma and its up-regulation could suppress glioma cell function including proliferation, migration and invasion, as well as induce apoptosis. Our discovery was consistent with the generally reported conclusion that miR-1275 works as a tumour suppressor. However, it was reported that Katsushima et al 11 found that inhibition of miR-1275 increased the expression of CLDN11 with a specific antisense oligonucleotide (anti-miR-1275) in
GSCs and also suppressed tumour growth. It indicated that the function of miR-1275 varied in glioma and glioma stem cells.
As mentioned above, miRNAs usually exert their functions of controlling tumour growth through binding to their target genes. In our study, we found that miR-1275 could bind to SERPINE1, which was highly expressed in glioma. Clinically, SERPINE1 and its family member urokinase-type plasminogen activator (uPA) both have been considered as important prognostic markers for various cancers, including breast cancer 26 and papillary thyroid cancer. 27 Our study further confirmed that it worked as a tumour promotor in glioma.
We also found that p53 signalling pathway might participate in the development of glioma. As a major tumour suppressor, p53 can be activated by a number of cellular stressors, including DNA damage, hypoxia and oncogene activation to impact the progression of various cancers distinctly. 28, 29 P53 mutation has been reported in about 30%-50% of gliomas and it was strongly associated with the poor prognosis of glioma patients. 30 On the other hand, wild-type p53 could repair the cells even with genetic abnormalities 31 and might cause drug resistance to temozolomide. 32 SERPINE1 was generally considered as the downstream gene of p53 and could be induced by the activation of p53. 33, 34 However, our study found that the up-regulation of SERPINE1 repressed p53 signalling pathway, whereas miR-1275 had an inverse effect, which has not been reported in previous studies. It revealed the possibility of SERPINE1′ s feeding back to its upstream genes and negatively regulating p53 signalling pathway. However, the detailed molecular mechanism of this axis needs to be further explored.
| CONCLUSION
In our study, we elucidated the function of miR-1275 on glioma that it suppressed proliferation, migration, invasion and induced apoptosis in glioma. We further investigated that highly expressed SERPINE1 was a target gene of miR-1275, and miR-1275 exerted its tumour suppressing function through blocking SERPINE1. Moreover, we found that p53 signalling pathway was involved in this process and it could be repressed by SERPINE1 or activated by miR-1275. Hence, we concluded that miR-1275 worked as a tumour suppressor through binding to SERPINE1 and therefore activating p53 signalling pathway in glioma. This discovery provided a new biomarker and offered a novel potential strategy in the diagnosis and treatment of glioma.
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